Globally, many populations face structural and environmental barriers to access safe water, sanitation and hygiene (WASH) services. Among these populations are many of the 200 million pastoralists whose livelihood patterns and extreme environmental settings challenge conventional WASH programming approaches. In this paper, we studied the Afar pastoralists in Ethiopia to identify WASH interventions that can mostly alleviate public health risks, within the population's structural and environmental living constraints. Surveys were carried out with 148 individuals and observational assessments made in 12 households as part of a Pastoralist Community WASH Risk Assessment. The results show that low levels of access to infrastructure are further compounded by risky behaviours related to water containment, storage and transportation. Additional behavioural risk factors were identified related to sanitation, hygiene and animal husbandry. The Pastoralist Community WASH Risk Assessment visually interprets the seriousness of the risks against the difficulty of addressing the problem. The assessment recommends interventions on household behaviours, environmental cleanliness, water storage, treatment and hand hygiene via small-scale educational interventions. The framework provides an approach for assessing risks in other marginal populations that are poorly understood and served through conventional approaches. Pathways of faecal pathogen transmission are well known and https://doi.
Introduction
Contributing to improved public health, nutrition, education and equality, access to safe drinking water, effective sanitation systems and good hygiene practices (WASH) plays a huge role in the global movement towards achieving the Sustainable Development Goals (SDGs). The Joint Monitoring Programme (JMP), reporting on the progression of WASH across the SDG regions, concluded that almost 581 million people are still collecting drinking water from surface water or unprotected groundwater sources and a further 892 million people are still practising open defecation (WHO and UNICEF, 2017a) . These unsafe sources and practices increase exposure to pathogens (disease-causing bacterial, viral or parasitic organisms) and are a cause of serious public health issues. The pathogens of concern are mainly transmitted through faeces in the environment leading to diarrhoeal diseases, which on a global level contribute to 2.2 million deaths every year; a quarter of which are children under the age of 5 years (WHO, 2017 ). An analysis of data by Prüss-Ustün et al. (2014) estimated that 58% of diarrhoeal diseases in 2012 were the result of a cluster of risks associated with inadequate WASH facilities. Occurring when the gastrointestinal tract of a host becomes infected, the extent of the infection is influenced by the strength of the host's natural defences and the virulence of pathogens. Marginal populations who live in poor conditions, lack healthcare and face constant inadequate nutrition, stress and fatigue have weakened immune systems and are more vulnerable to infection. The continuous exposure to faecal pathogens causes gut inflammation, diarrhoeal episodes and dehydration, and is further linked to malnutrition and poor child development, such as stunted growth (Ngure et al., 2014) .
commonly represented in the 'Fdiagram'; a diagram used to highlight faecal-oral transmission routes (see Fig. 1 ). Transmission routes are blocked or at least narrowed through specific domestic practices, improved infrastructure and protection of water sources. Sanitation, the primary barrier, can isolate faecal pathogens to stop them from reaching the environment. Secondary barriers, such as water treatment and handwashing, stop faecal pathogens in the environment from multiplying and reaching new hosts and tertiary barriers stop faecal pathogens, such as those on household utensils, from reaching the host (Curtis et al., 2000) . However, recent reports are beginning to question whether sanitation facilities are effective measures to act as the first port of call to interrupt the transmission of faecal pathogens. A sanitation intervention trial in India found that increased latrine coverage did not reduce exposure to faecal contamination or prevent diarrhoea, soil-transmitted helminth infection, or child malnutrition , and further recent control trails showed little to no effect from sanitation interventions on child health Null et al., 2018) . Increasingly, the role of animal faeces is being recognised as another important source of faecal pathogens, especially in animal rearing populations (Budge et al., 2019; Penakalapati et al., 2017) , leading people to rethink the faecal pathogen transmission pathways and the types of interventions needed to address them. Pastoralists, that number around 200 million worldwide and 12 million in Ethiopia, are likely to be at even higher risk than non-animal rearing populations to this particular animal-human pathway.
As well as the direct impact of water-borne infections on health, there is an emerging evidence-base that indicates that chronic exposure to faecal pathogens in the environment leads to enteric inflammation in children that reduces nutrition absorption and negatively impacts growth (Keusch et al., 2013; Mosites et al., 2017) . Known as Environmental Enteric Dysfunction (EED), this condition represents a largely sub-clinical disorder in that subjects show no obvious symptoms such as diarrhoea, and as such it has been called the potential 'missing piece of the stunting puzzle' (Budge et al., 2019) . The precise aetiology of EED is still being determined with limited evidence on prevalence and incidence, as well as on the role of specific pathogens and their exposure and dosage thresholds (Watanabe and Petri, 2016) . However, the prevailing understanding is that faecal pathogen exposure, especially from animal sources, leads to the described gut inflammation. EED and its associated evidence-base provides another strong justification for assessing and mitigating faecal pathogen exposure risks in vulnerable populations and taking pragmatic steps to reduce pathogen exposures within and around the home.
In Ethiopia, pastoralists are amongst the most poorly served population in a country that has extremely low levels of WASH access compared to international standards. According to the most recent JMP report, 44% of rural Ethiopians are still collecting water from a surface water source or an unprotected groundwater source (unimproved service) (WHO and UNICEF, 2017a), such as rivers, ponds, scoop holes and springs. On top of this, only 4% of rural Ethiopians use safely managed sanitation, 32% open defecate and 99% have no hygiene facilities. Furthermore, in the pastoral context, with water sources few and far between, there are considerable opportunities for faecal contamination of water between the point of collection and point of consumption. This L. Whitley, et al. International Journal of Hygiene and Environmental Health 222 (2019 ) 1133 -1144 means not only are pastoralists faced with drinking contaminated water at source, it is likely that the water they transport, store and handle, suffers from secondary contamination (Kassie and Hayelom, 2017) . Despite pastoralists being at particularly high risk, specific pastoral  interventions for sanitation and hygiene development are few, partly  because of the itinerant lifestyle of the people and the limited sector  knowledge of their practices and behaviour. To help provide an improved evidence base for workable WASH intervention design in pastoralist populations, the study aims to answer the following questions: What risks do pastoralists face in relation to their water handling, sanitation and hygiene practices? And what interventions can be identified to best address these risks within the operating context of the Ethiopian lowlands? In answering these questions, the paper also seeks to present a way to identify and assess such risks for other marginal populations that are poorly understood and commonly served through conventional WASH sector thinking. To help address this aim, and building on the evidence presented above and the work of Penakalapati et al. (2017) and Budge et al. (2019) , we present an adapted F-diagram for the pastoralist context (as shown in Fig. 1 ). This illustrates that animal faeces are a source of pathogen transmission as well as humans, and we use this as a foundational framework to inform our understanding of faecal-oral transmission routes throughout the study.
Material and methods

Study context
The research was based on primary data collected from three villages in the Dulassa Woreda within Administrative Zone Three of Afar State. The Afar region in eastern Ethiopia is home to around 1.3 million of the estimated 12 million pastoralists in Ethiopia (Afar National Regional State, 2010), and is part of the broader arid and semi-arid lowlands region of Ethiopia. This region has always experienced extreme rainfall variability, drought and occasional floods, yet climate change and increasing population densities are putting additional pressure on dwindling water resources. This has led to a chronic dependency on water trucking and government aid to sustain part of the population that, even with this support, live with high levels of poverty and access to services; well below those aspired to under the SDGs.
The lowland area is not only divided into administrative zones but on a cultural level, there are clan and sub-clan territories where the minutiae of resource access, land use, hierarchy and roaming customs are negotiated through customary arrangements. Water associated labour is strictly gendered with women responsible for domestic supplies and young animals, and adult men responsible for adult herds, especially cattle and camels. Another important aspect of the water management processes in the region is connected to the seasonality of supplies and, relatedly, the seasonal variation in rangeland availability for cattle and other pastoralist reared animals. The short rainy season(s) known as 'karma' in Afar, is when pastoralists have sufficient water to meet their needs, and can be as little as a one week period. During this time when water is more accessible, pastoralists can range farther for more nutritious pasture for their livestock. In the dry season when pasture and water is deficient, pastoralists tend to congregate near to more permanent water sources if they exist. The specific Afar pastoralist system in this study can be described as transhumance in character. Although they have semi-permanent villages, they solely rely on livestock for their livelihood and follow seasonal roaming patterns in search of grazing lands and water. In the Afar, these annual routines have more recently been stressed, not only by climatic changes and more infrequent rainfalls, but also by state construction, irrigation and economic development projects, such as the current construction of the railway line from Addis Ababa to Djibouti and upstream polluting activities . In this sense, many pastoralists live in the precarious situation of being reliant on government support, but are also having their customary management systems disrupted by broader development initiatives.
The government of Ethiopia is currently launching a new public policy programme with collaboration from the donor community, called the Climate Resilience Programme for Water, Sanitation and Hygiene. The programme aims to overhaul the current WASH systems mainly through the creation of large-scale water infrastructure (e.g. multi-village water schemes), which is a new approach for the region. This context provides the backdrop to this paper's contribution. The intention is to better understand what small-scale steps can be taken in pastoralist communities to improve public health outcomes via WASH interventions within the conventional restraints of the environment, whilst acknowledging and supporting these broader 'macro-level' efforts to transform the regions water infrastructure and services.
Study design
This study has two elements of data collection, closely connected to one another. The first, a quantitative survey which focused on water consumption and sanitation and hygiene practices and the second, household observations based on a prepared risk assessment checklist focusing on household and environmental hygiene (see supplementary information to review the data collection tools). Quantitative surveys were performed with 148 individuals from three communities. Detailed household observations and informal questioning were carried out with 12 heads (male and female) of households. The study took place in three communities (Adkonta, Tirtira and Ege) in the Tirtira Kebele of the Dulassa Woreda. The villages were initially chosen to account for different levels of access to improved water sources, however between the scoping visit for village selection (March 2018) and the main data collection period (June 2018), the improved water source (borehole) that was available in one of the villages failed. As a result, all villages were predominately reliant on unimproved water sources during the data collection period. The communities had similar contextual factors, such as clan and sub-clan membership, population size, wealth and mix of ages. This meant that the three communities were homogenous in terms of WASH access and socio-cultural markers and, as such, the data were analysed at a generalised level across all villages.
The survey involved quantitative closed questions on household water sources, water use, accessibility and quantity, as well as questions around latrine access, safety and hygiene. The quantitative surveys were also used to measure basic socio-demographics of households. Household observations and informal questioning were conducted using an observation checklist to assess possible indicators of faecal pathogen transmission routes in relation to the WASH behaviours, surrounding environment and the built environment of pastoralists. Observations were made during the daytime only, and as such, night time practices were not captured, which could imply an underestimation of certain risks such as animal presence in the household overnight. The checklist was designed based on a review around sanitary surveys and critical household indicators such as cleanliness, hygiene and equipment observations (e.g. WHO, 2011) . It consisted of multiple answer observation checks as well as follow-up questions to be asked if necessary. Photographs were also taken when possible.
Data collection and analysis
A research team of five enumerators were enlisted as part of the data collection team. The quantitative survey was designed in English and translated into Afar with a pilot study conducted on six households allowing enumerators to build confidence and clarify any cultural or language misinterpretations. Face-to-face interviews were carried out and the survey responses were recorded using mWater; a digital WASH data collection software accessible on hand-held tablets (mWater, no date). Sampling was designed based on random sampling at the household level, with both female head and male head surveyed in each household wherever possible (total sample includes 54% male and 46% female). As has been the case with similar studies of pastoralist communities, the implementation of random sampling approach was challenged by respondents being dispersed across large rangelands meaning that the approach shifted towards a convenient sampling approach in the field. With the village populations between 50 and 80 households, the relative size of the survey samples (38, 54 and 56) indicates the data are still fairly representative of the population. The lead author and accompanying researchers conducted the household observations in which they visited homes, discussed and observed water handling, sanitation and hygiene practices with purposively selected households, spending a period of 60 min with each household. The study focused on the residential areas in the three villages. Specific issues that pastoralists encounter when they travel with their animals to pastures and rely on other water sources are not addressed. The sampling strategy for the household observation was organised in parallel but independently to the surveying sampling. The respondents were chosen based on availability and convenience with no further inclusion criteria beyond being residents of the villages. Due to the homogeneity in household type and livelihood within this populations this approach still provides an overview of risks related to household WASH practices in pastoralist communities.
During the data collection period, the research lead ensured survey completion and consistency by syncing data within the mWater software, daily. Concluding the data collection period, data stored were downloaded into an Excel database for basic descriptive statistical analysis. Data collected from the household observations was brought together manually and also entered into an Excel database for analysis. A Pastoral Community WASH Risk Assessment Analysis was created to analyse and interpret the seriousness of risks against the difficulty of addressing the problem, with both survey and observation data processed via this framework. The imbalance in sample sizes between the survey (n = 148) and observations (n = 12) limits the ability to specifically analyse sub-groups via the framework. However, the intention was to provide a generalised analysis of possible pathways of faecal contamination within the pastoral behaviours, environment and built environment, which the data has allowed us to make.
The approach adapted ideas from WASH-FIT (Water and Sanitation for Health Facility Improvement Tool, 2017), a tool developed to address the gaps, initiate improvements and sustain WASH in healthcare facilities in low and middle-income countries, developed by the World Health Organisation and UNICEF (WHO and UNICEF, 2017b). The basis of WASH-FIT was applied because of its focus on WASH and behaviours when resources are limited. We built on the logic the tool followed in terms of assessment, ranking of risks, and defining incremental steps to reduce risk. We believe that the Pastoral Community WASH Risk Assessment (see Table 1 ), designed to be indicative rather than exhaustive, serves as a tool that could be adapted for other pastoral communities. The essential indicators were synthesised to reflect the Ethiopian National standards as formulated from Ethiopia's Growth and Transformation Plan II (GTP II) (Ministry of Water, 2015) and specifics of best practice from literature, for example 'Water Drawing: Water is poured directly from storage container to drinking vessel' (WHO, 2013) and 'Guidelines for Water Quality' (WHO, 2011) . The essential indicators are graded as to whether the pastoral community meets the target, partially meets the target or does not meet the target, using the data collected. Each indicator has supporting comments to help decide if the targets are met or not (Tables 1 and 2) . A score is given, and hazards and risks outlined, thereafter giving a seriousness of risk grading in accordance to the key. The difficulty of addressing the problem is a judgement made at the discretion of the analyser, but is graded with three focal areas; technical skill needed, estimated costs and behavioural difficulties of addressing the problems. An average score is taken and the difficulty of addressing the problem is given a high, medium or low score. These scores are placed onto an overall grid to illustrate specific areas where exposure pathways and pathogen hazards in a pastoral setting present risk. We recognise that leaving this assessment to the subjectivity of the user means that there can be inconsistencies in such judgements. However, we aspire for the tool to be used by practitioners and believe this flexibility is a strength as it allows them to make judgements that reflect their own operational capacity.
Ethical approval and permission
The study was reviewed, and ethical approval was obtained from Cranfield University Ethical Review Systems [CURES/3724/2018]. Permission to conduct surveys in the communities was obtained from Dulassa Woreda (district) government office and respective individuals being questioned. Oral informed consent presentations were given at the start of each survey and observation demonstrating the reasons behind the research and outlining the rights of the respondent.
Results and discussion
This combined results and discussion section is divided into three. The first section provides an overview of domestic water, sanitation and hygiene conditions and practices within the villages. The second section interprets this through the risk assessment process. From that analysis, hazards and risks are highlighted and the difficulty of addressing the problem is considered, leading to identification of intervention areas to be prioritised. The final section discusses the implications for intervention design and the limitations of the study.
Water supply
Seasonal differences are a defining aspect of pastoralist water use in the studied villages. Of the 148 individuals surveyed, 68% used surface water sources as their primary source of water for domestic use during the rainy season (38% rivers, 30% ponds) whilst 26% reported to use a motorised borehole (n = 148). During the dry season 35% of the study population used hand dug wells and 35% used scoop holes, and the remaining 30% used a motorised borehole (n = 148). Nearly three quarters of respondents (73%) reported that their primary water source for domestic use did not provide them with water every day during the dry season (n = 148).
During the rainy season, 38% of respondents take less than 30 min to reach their water source and return (n = 148). The remainder take more than 30 min for a round trip ( Fig. 2) . At the other end of the scale, a huge difference in collection time and therefore labour time, was seen during dry season. Less than 1% take under 30 min to reach and return from the water source, additionally 61% of respondents spend more than 4 h walking to an unimproved water source (n = 148). A chisquared test showed a significant difference in water collection time between rainy and dry season; chi-square value of 134.05 with p < 0.05.
Ethiopia's Growth and Transformation Plan II (GTP II) (Ministry of Water, 2015) highlights 25 L per capita per day as a minimum standard for water quantity. In the rainy season 67% of the study population are collecting less than this amount whilst this is a similar proportion during the dry season (65%). The mean quantity of water collected per capita per day in rainy season is 26 L and in dry season 20 L (n = 148); although when using the median this falls to 16 and 13 L, respectively. This indicates that there are some households that collect a large volume of water compared to others. We associate this with those households that are have larger water collection containers and more donkeys to use when collecting water. There was no statistically significant difference in the mean quantity of water collected in the rainy season and dry season (p = 0.89887 at p < 0.05). This indicates that pastoralists are collecting similar amounts of water in each season but that they must spend much longer collecting and transporting in the dry season, which has implications not only for their labour and wellbeing, but also in terms of secondary contamination risks. Water quantity collected is less than 25 l/c/d but meets the individuals' demands for domestic water needs, all year round. Water quantity collected is not sufficient to meet the domestic water needs of the individuals, all year round.
Water Transportation
Water is collected from a source within a 1 km radius of the community settlement.
Yes, water source is within a 1 km radius of the community settlement.
Water source is within 1 km radius of the community settlement, but the community had to move specifically closer to the source.
Water source is outside a 1 km radius of the community settlement.
Household Water
Storage Container Drinking water is stored in a sealed, covered, visibly clean, durable container. Yes, drinking water is stored in a sealed, covered, visibly clean, durable container.
Water container displays visible signs of dirt build-up or algae inside and around the spout area, but a lid, cap or tie is present. Water container displays visible signs of dirt build-up or algae inside and around the spout area and no lid, cap or tie is present.
Storage Location Water container is stored away from the thoroughfare and out of animals' reach and there is a clear separation between treated and untreated water.
Yes, water container is stored away from thoroughfare and out of animals' reach. Separation methods are used to distinguish between treated and untreated water.
Water container is stored out of animals' reach, but within the thoroughfare area of the house and it is unclear which containers are used for treated and untreated water.
Water container is stored on the floor where animals can reach and touch the container and there is no separation between treated and untreated water.
Treatment Water is treated using standard known household water treatment methods. Yes, water is treated using Point-of-Use water treatment methods, at all times.
Water is treated using Point-of-Use water treatment methods for children only.
Water is not treated at any time.
Water Drawing
Methods Water is poured directly from storage container into vessel.
Yes, water is poured directly from storage container into drinking or cooking vessel.
Water is transferred using a dipping method with a clean specific utensil for transferring water.
Water is transferred using a dipping method and utensil used appears unclean and fingers are also in contact with water.
SANITATION
Latrine Access
Households have access to an improved latrine as in line with the JMP standards. Yes, households have access to an improved latrine and fully understand maintenance procedures. Handwashing facilities are present in every household, but water and soap are not available.
No handwashing facilities are present.
Handwashing Timings
Individuals can specify critical timings for handwashing. Yes, individuals specify critical timings for handwashing -before eating, before food preparation, after defecation, after animal management, after washing children and before feeding children.
Individuals report handwashing practice but cannot specify critical timings and cannot perform handwashing on every occasion due to the lack of water and soap.
Individuals report that no handwashing takes place.
HOUSEHOLD ENVIRONMENT
Cleanliness
Households are visibly clean and free from smoke and no flies are visible. Yes, the household is clean (at the discretion of observer) and all household utensils and food is stored in a clean area, free from smoke and no flies are visible.
Signs of uncleanliness, food is loose, and utensils are not stored in a clean area. There is a bearable amount of smoke and some flies are visible. Signs of uncleanliness, food is loose, and utensils are not stored in a clean area. There are signs of animal or human faeces within the household and an unbearable amount of smoke and flies are visible in all areas.
Animal Presence
Animals are not kept inside the household. There are no domestic animals kept inside the household. One young small domestic animal (kid or lamb) is kept inside the household on some occasions but it is secured in one location.
Animals move freely from the inside of the household to the outside and vice versa.
(continued on next page) L. Whitley, et al. International Journal of Hygiene and Environmental Health 222 (2019 ) 1133 -1144 The study revealed that jerry cans were the most preferred container for water collection and storage (61%; n = 148), ranging in volume from 5 to 25 L. A goat skin (called a sar in Afar) sewn securely into a sack like container was also used by 36% of the study population, ranging in volume from between 15 and 30 L (n = 148). Flasks (kolba) and small jars were also used by 2% and 1% respectively (n = 148). Little variation was shown amongst the type of container used for water collection and storage between rainy and dry season. All of the respondents from the household observations and informal questioning used donkeys to help transport water from the source to the household. A noticeable gender difference is also displayed in terms of water collection; 100% of respondents reported the primary domestic water collector to be a female member of the household (n = 148), however on occasions when female members weren't able to collect water for reasons unknown, other adult females (41%), the male head of household (34%) or female children (18%) would collect the water (n = 148).
Sanitation, hygiene and household environment
Just under half (47%) of the respondents confirmed they had latrine facilities from the quantitative surveys (n = 148). Out of the household included in the observations 10/12 were observed to have a latrine. All latrine facilities observed (n = 10) were unimproved according the JMP standards; the pit latrines used were without a proper slab or platform. The extent of latrine utilisation habits of households in the study area is uncertain; observations showed no visible signs of use and no odour in the facility. Of the remaining 53% survey respondents who practise open defecation in the bush areas around the community settlement, over half of them did not feel safe when defecating, noticeably more men (86%) felt unsafe than women (69%) (n = 79). The higher proportion of men feeling unsafe may be because they are likely to be further away from villages following daily or seasonal grazing routes. This means that they are less sure about the places they are defecating in terms of animal risks (e.g. snakebites) but also in terms of violence risks from neighbouring clans. Nearly all (97% of men and 90% of women) of those who didn't have a latrine, reported they would like to have one (n = 79), however when asked informally if they knew the benefits of constructing a latrine the most common answer was 'I don't know, the government told us to build it' or 'it's nice because I don't have to walk as far'.
Data on hygiene can be challenging to capture, however certain observations and informal questioning helped to develop our contextual understanding around these practices. Soap was observed in only 2/12 households, however the utilisation of the soap is uncertain as no specific handwashing facilities, such as a tippy-tap (a low-cost device that uses a small container to create a handwashing station), were observed. During the observations 10/12 households said that they 'wash their hands with soap, when they can afford to buy it'. 8/12 households self-reported positively to handwashing but couldn't specify the critical times of handwashing, yet 3/12 households self-reported to washing their hands 'before eating, after defecation, after cleaning infants, after braiding hair, after milking and after working with animals', which were key risk periods identified during the study. Every survey respondent (100%) kept goats and sheep, 91% camels, 76% cattle and 70% donkeys (n = 148). Field and household observations showed that goats were sometimes kept inside households and sheep and donkeys were kept beside it. 5/12 households were observed to have kids (baby goats) inside the living area during the time of the observation. During the observations 8/12 households had a noticeable number of flies inside the living structure and only 4/12 households were perceived 'clean' by the observer. Animal faeces, dry and fresh, was observed within 30 m of every household (12/12). 
Risk assessment of water supply
The results from the risk assessment process are summarised in Table 2 below and discussed in this section. Out of seven water supply related indicators, four were considered to have not met the target indicating a high risk of exposure to the related hazard. These were water source, water quantity, water transportation and household water treatment. In terms of water sources, surface water sources are renowned for being unfit for drinking because of their possible exposure to contamination (Davis and Lambert, 2002; Usman et al., 2016) and with 68% of the study population collecting their water from rivers and ponds for at least part of the year this was deemed a high risk area (n = 148). Similarly, nearly the whole study population travels for longer than 30 min to reach their water source in the dry season; a shocking 61% walk for longer than 4 h every day (n = 148). A systematic review of drinking water contamination between source and point-of-use carried out by Wright et al. (2004) , displayed that the bacteriological quality of water significantly declines after collection, therefore this is likely to contribute to water borne infection risks as well as take a toll on overall wellbeing. Furthermore, two thirds of the population are collecting under 25 L per capita per day (n = 148), which is less than the recommended water quantity standard of Ethiopia's GTP II (Ministry of Water, 2015) . Finally, the survey showed household water treatment is not common in these villages (87% did not treat their water in this study) but where it did reportedly occur it was in the form of boiling or simple cloth filtration (n = 148).
Of those four factors, the difficulty of addressing the problem was ranked as high in three of the cases with only household water treatment being considered a medium difficulty. This allocation as medium difficulty is made despite the evidence on the difficulties in promoting behavioural change to enable the consistent use of household water treatment (Hunter, 2009 ). However, the other issues related to water source, quantity and transport, require substantial development of infrastructure that in this water scarce region is beyond most conventional WASH project budgets. This in part, relates to the particular challenges concerning water source infrastructure development in pastoralist areas. First, quantity demands are so high because of the need to provide enough water for livestock, which drives up costs (Nasser and Belayhun, 2012) . Second, even if these quantities can be supplied in such locations, pastoralists must still travel with their animals to access new grazing land away from water pointsand during this time they are often reliant on unimproved water sources both for human and animal consumption (Nasser and Belayhun, 2012) . These factors connect to an even more fundamental concern that should be reflected upon when considering the development of water infrastructure in the Afar region for pastoralists. Living under some level of scarcity is a fundamental part of the socio-cultural system, and livelihoods and the way of life of pastoralists is attuned to this reality (Tilahun et al., 2016) . For example, mobility is a key strategy to overcome seasonal scarcity and, more recently, there have been shifts in herd compositions towards more hardy animals such as camels to cope with growing water scarcity (Reda, 2011) . We do not believe that such matters should negate a commitment to providing infrastructure in this region but such socio-cultural and livelihood factors must be considered in such efforts. These factors mean that in our assessment low technology household water treatment such as boiling or chlorination could be an appropriate solution for these populations, especially for children or during infection outbreaks, even if it is not a long-term solution.
The two other water supply areas that were evaluated to have partially met their targets were related to household water storage containers and location, whilst water drawing methods were considered to have reached their target. Safe water storage behaviour can improve the microbial quality of water, through the settling and natural die-off of pathogens, and therefore reducing pathogen load (Shaheed et al., 2014) . Findings from this study in Afar highlight that the containers had small openings (spout) which have been associated with reductions in faecal contamination because of less exposure to contaminated fingers, flies and animals touching it within the house (Mintz et al., 1995) . Visual observations around the cleanliness of the water storage containers were made with 10/12 containers inspected having a build-up of dirt around the spout area, and 9/12 households used containers where dirt-filled scratches were visible. Simple cleaning or disinfection of jerrycans could reduce the pathogen count, however this would involve resources such as chlorine, soap and water, which are scarce in this environment. The water pouring method carried out by pastoralists displays low risk as they pour directly from the container to the drinking vessel, yet the microbial cleanliness of the spout area (and the drinking vessel) is unknown which again, could be a cause for recontamination. Here, we tentatively suggest that the purchasing, upkeep and use of water containers, storage locations and water drawing L. Whitley, et al. International Journal of Hygiene and Environmental Health 222 (2019 ) 1133 -1144 methods could be another feasible intervention area within a pastoralist context so to reduce exposure to WASH related hazards.
Risk assessment of sanitation, hygiene and household environment
Across the eight potential risks areas associated with sanitation, hygiene and household environment, the risk assessment process classified one area (hand washing facilities) as completely missing the target with all other areas considered to partially meet the target (although, no areas were considered to have completely met the target). Focusing on sanitation, the survey indicated that just under half of the study population reported to have their own latrine, though latrine utilisation is uncertain. Observations showed odourless, fly-absent and insecure structures with very little faecal evidence, but this could be due to the extremely dry environment. Whilst the facilities theoretically serve as a primary barrier in the F-diagram to mitigating individual and community exposure to faecal pathogens, universal coverage and effective hygiene practices are needed to prevent risks faced by pathogen exposure in the environment (Garn et al., 2017; Jung et al., 2016) . Similarly, building on the 'herd protection' argument, Fuller and Eisenberg (2016) emphasises that sanitation interventions must reach close to 100% coverage in order to substantially reduce risks, resulting in 'less cumulative environmental contamination'. In this setting where animal faeces are common in the environment, we would suggest the health benefits associated with further latrine construction, even if reaching 100% coverage, may not be realised without parallel improvements in environmental hygiene. For those reasons, as well as our general comments above on the challenge of infrastructure construction in such remote and resource scarce settings, we make assessments that the difficulty of addressing sanitation coverage and related health benefits (represented by the diarrhoeal incidents column in the risk assessment) will be high. This said, community-led sanitation interventions have the potential to succeed in pastoralist settings, whereby community mobilisation and intervention entry points could be commanded through the local cultural leadership system. Pastoral communities in Afar have strong respect for seniority with elders playing a dominant and influential role in the community. The assessment process also identified safety when defecating as an important wellbeing and mental health concern. Ultimately, without improved infrastructure providing a safe place to defecate then this issue will also be hard to address.
Handwashing constitutes a secondary barrier in the F-diagram, yet it can be argued that it is the most important and vital barrier in a pastoral setting. The high levels of contact with animals, cultural traditions such as braiding hair, and household behaviour such as wiping cooking vessels clean with hands, highlight the areas of potential transmission. Observation data indicated no handwashing facilities in the study area highlighting a failure on that indicator, whilst knowledge about handwashing behaviours such as appropriate times for washing hands, was considered partial in the communities. Respondents were only able to report some of the key handwashing times when asked, including before food preparation and after defecation. However, as with the other factors in this assessment, the difficulty of addressing these issues is limited by the contextual setting and in particular, a lack of readily available water and soap for handwashing.
The final areas of the assessment were within and around the household environment. Pastoralists build their domestic structures on soil, which can act as a reservoir for faecal pathogens, and is extremely difficult to keep clean. They also live in close proximity to animals bringing with it risk of zoonotic pathogen exposure. Kids (baby goats) were observed roaming in and out of the household where children were crawling, water containers were stored, and food preparation was carried out. Exposure to faecal pathogens being brought into the domestic domain from the outside presents a high risk. Securing their kids (baby goats) inside the house to stop them from roaming in and out is likely to lower the risk slightly, but with no control over where animals defecate, a concern is raised. Children experience long-term growth shortfalls when continuously exposed to faecal pathogens (Budge et al., 2019) and where they play on soils that harbour these pathogens, the possibility of them ingesting them, either directly or indirectly, through dust particles or transmission through fingers, is vast. These risk findings are in accordance with a systematic review investigating exposure to animal faeces and human health carried out by Penakalapati et al. (2017) . In making these points, we are also aware that Headey et al. (2017) discuss that livestock ownership could have positive effects on child growth through animal-sourced food consumption. However, we do believe that livestock also present health risks associated with faecaloral infection which are poorly understood from a research perspective and inadequately controlled for via conventional WASH programming. We also note that taking the Afar pastoralist population in our study as an example of beneficial impacts of animal-source food consumption may be negated by a lack of dietary diversity (for examplein terms of plant-based foods) which are also a significant driver of infant health (Rah et al., 2010; Sié et al., 2018) . Furthermore, our study did not seek to empirically assess such matters but rather apply a broad faecal pathogen risk assessment framework and from that perspective we judge that the risks from animal faeces are of relevance.
Implications for practice
In terms of addressing the risk from animals, we believe this is an area whereby workable solutions may be found. Pastoralists are reliant on their animals but also expert in their husbandry and management. It may be possible to co-develop solutions with pastoralists to develop strategies for reducing direct human exposure, especially among infants, to animal faeces. Such thinking aligns with the multiple-use service (MUS) paradigm that argues that the provision of water in rural areas should make livelihood concerns, especially agricultural, a central consideration (Smits et al., 2010) . For pastoralists, this means thinking through the provision of water for livestock. We agree here but go further to argue that WASH interventions for pastoralists should also be taking into consideration sanitary and hygiene risks from animals, as well as how water can improve livelihood productivity. In terms of specific intervention modalities, we note that the Community Led Total Sanitation (CLTS) has been proven to be an effective approach for improving the sanitation of settled communities across Asia and Africa. Within CLTS the provision of infrastructure from an implementing agency is not usually part of the intervention; a participatory process of collective behavioural triggering is used and communities develop their own facilities. Pastoral communities, with a clan-based leadership system and strong deference to such leaders, could provide favourable conditions for interventions that entail mobilisation. However, in an evaluation of the effectiveness of CLTS over five years of programming across pastoralist areas in Ethiopia, it was concluded that "people living in their programme areas are still found to live in unsatisfactory sanitation and poor hygienic conditions" (BDS-Center for Development Research, 2016) . We believe recalibrating CLTS type approaches to focus on holistic, participatory WASH interventions that incorporate livestock both in terms faecal pathogen risks and livelihood productivity aspects, would be the most promising route for developing bespoke WASH programmes in this area.
Limitations
We are aware that the interpretation of findings from a study reliant on survey and observational data, processed via a qualitative risk assessment framework, are always implied, and the identified public health risks cannot be verified by appropriate microbiological or other technical techniques. We also note that the imbalance of data between surveys and observational methods that feed into the risk assessment reduce the ability to conduct specific and comparative analysis of subgroups, and therefore the results are presented at a generalised level for the three villages in which we worked. Extrapolating these findings as representative of the Afar pastoralists and, especially, pastoralist populations more generally, is also limited by the number of villages in this study. In acknowledging these limitations, we note the paucity of work focused on the specific WASH related risks of pastoralists and the related logistical challenges of conducting fieldwork in such areas, which can often be many hours walk from the closest roads, and still believe this paper represents a useful contribution in this area. We intend this paper to be read both as presenting useful data and contextual information on pastoralist WASH risks as well as a call-for-arms for tailored and holistic WASH interventions for this population.
Conclusion
As the global sector seeks to respond to the Sustainable Development Goals to leave no-one behind and move towards universal WASH, we still face the challenge of "last mile" access (e.g. reaching the most marginalised and difficult to serve groups). The sectorincluding policy-makers, practitioners and researcherstherefore need to develop the strategies, tools and understanding needed to extend services to these groups. This research provides insight into the water handling, sanitation and hygiene practices of pastoralists in Afar and makes suggestions about the type of interventions that are likely to respond to the needs of this group and reduce the faecal-oral pathogen transmission. The implications for policy-makers is that contextualisation of programming will be critical in ensuring successful and sustainable interventions. They should therefore be prepared to create an enabling environment that allows this. The aforementioned calls for integrated WASH programmes that address environmental health and livestock productivity, which requires institutional structures and funding mechanisms that can be leveraged to deliver holistic initiatives. It may also mean accepting smaller-steps in the development of one area (e.g. improved environmental hygiene via new animal husbandry practices) rather than judging success purely by the infrastructure-orientated targets that dominate the WASH sector.
Similarly, practitioners need to go beyond conventional approaches and seek to reimagine what interventions could look like for pastoralists. This requires some careful experimentation, of which we would suggest two starting points for this. First, the role of livestock both as a livelihood enhancement strategy but also as part of improved sanitary and hygiene conditions and, second, that interventions should be coproduced in partnership with pastoralist communities as they are experts in surviving and thriving in harsh and infrastructure-poor environments. Researchers also have a role to help further build the evidence base on the contextual faecal-oral contamination pathways that need to be interrupted and provide assessments on the effectiveness of new approaches. In Afar, such work needs to be accompanied by careful consideration of the pastoralist way of life and, as such, social, cultural and livelihood appraisals will be critical in helping practitioners contextualise interventions in partnership with communities themselves. Developing the new strategies, tools and understanding needed to improve WASH in these settings will require challenging and multi-level action but it is necessary to help serve such populations.
